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WINDTUNNELTEST OF THE 0.019 SCALE
SPACESHUTTLEINTEGRATEDVEHICLE (MODEL14-OTS)
IN THE CALSPAN8-FOOT TRANSONICWINDTUNNEL
(IA36)
R. B. Hardin, R. R. Burrows, Rockwell International
ABSTRACT
This report contains information concerning a wind tunnel test of
the 0.019 scale Space Shuttle Integrated Vehicle in the CALSPAN8-foot
Transonic Wind Tunnel. The test started !5 June 1973 and ended 22 June
1973 for a tota_ of 80.5 charge hours. The test identification number
is IA36.
The purpose of this test was to determine the effect of cold jet gas
plumes generated from MPSand SRMnozzles on I) six-component force and
moment data, 2) wing static pressures, 3) wing hinge moment, 4) elevon
hinge moment, 5) rudder hinge moment, and 6) orbiter MPSnozzle pressure
loads. The effects of rudder deflection, nozzle gimbal angle, and plume
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AbAcPS Attitude control propulsionsystem base
area, ft2 (total for two)
AbEOHT External tank tRtal base area (cavity plus
model base), ft_
AboMS Base area of orbitalmaneuvering system _
(minus projectedarea of OMS nozzle), ftZ
(total for two)
AboMsN Nozzle exit area of OMS, ft2 (total for two)
AboRB Total orbiter base area (minu_ projected
exit area of MPS nozzles),ftL
AbsRM SRM shroud base area (minus projected
nozzle exit areal, (total for two), ftL
ACEOHT Externaltank cavity area, ft2
ACORB Orbiter cavity area, ft2
ACSRM SRM cavity area, ft2 (total for two)
Total exit area of (3) orbiter MPS nozzles,
ANORB ft2
ANSRM Total exit area of (2) SRM nozzles, ft2
a Distancefrom N1 gage to MRP (positive
forward of MRP), inches
b BREF Wing span ur referencespan; m, ft
bw Orbiter exposed wing panel semi-span
(distancefrom exposed root chord to tip
chord), inches
ce ElevonM.A.C. length, inches
c.g. Center of gravity







CABAL Balance chord force coefficient (unccrrected)
CAbAcPS Attitude con;;rolmaneuveringsystem basechord for e soeffici nt
CAbEoHT External tank base chord fo_-cecoefficient(based on AbEONT)
C* External tank base chorJ force coefficient
AbEOHT (based on ACEOHT)
CAboMS Orbitalcoefficientma euveringsystem base chord force
CAboMsN Orb;_al maneuveringsystem nozzle basechord force co fficient
CAboRB Orbiter base chord force coefficient (based
on AbORB)
C_boRB_ Orbiter basp chord force coefficient (based
on ACORB)
SRM base chord force coefficient (basedon
CAbsRM AbSRM)
C* SRM base chord force coefficient (based on
AbsRM
ACSRM)
CACEoHT External tank cavity chord force coefficier,t(cor ectedto b se pressure)
External tank cavity chord forc.ecoefficient
C-CEOHT (based on ACEOHT and EOHT cavity pressures)
CACoRB Orbiter cavity chord forc_ coefficient(corr ctedto base pressure)
C_CoRB" 9rbiter cavity chord force coefficient(based on Acnoo and orbit r cavlty
pressures)-v_
CACsRM SRM cavit) chord force coefficient(correctedto base pr ssure)




C_CsRM SRMcavity chord force coefficient (based
on ACSRMand SRMcavity pressures)
CANoRB Orbiter nozzle chord force coefficient
SRMnozzle chord force coefficient
CANsRM
CAf CAF Ascent vehicle foreb_dy chord force
coefficient
CAT CA Ascent vehicle total chord force coefficient
C, CBL Ascent vehicle rolling moment coefficient
CBw CBW Wing bending moment coefficient about
exposed root chord
CFR CFR Resultant force of the normal force and side
force for the n_zzle, based on a reference
area of 49.4 ft L
CH CHEf Inboard elevon hinge moment coefficient
el
CH CHEO Outboard elevon hinge moment coefficient
eo
CH Total elevon hir, ge moment coefficient,
et CHeI + CHeo
CHr CHR Rudder hinge moment coefficient
CHw CHW Wing torsional moment coefficient
CMR CMR Resultant mement of the pitching moment and
yawing moment for the nozzle, based on a
reference area of 49.4 ft 2
Cmf CLMF Ascent vehicle forehody pitching moment
coefficient







CmBAL Balance pitching oment coefficient
CN CN Ascent vehicle normal force coefficient
CNw CNW Normal force coefficient on one exposed
wing panel
Wing, base, cavity, and upper MPSnozzle
Cp( ) pressure coefficient
Cy CY Ascent vehicle side force coefficient
Cn CYN Ascent vehicle yawing moment coefficient
Cw Mean aerodynamic chord of exposed wing
panel (based on SW), inches
,_Cp DELCP Incremental pressure distribution between
opposite sides of the MPSnozzles (see
table II, p. 59)
ASRMPR DSRMPR Incrementation SRMnozzle pressure ratio,
(power on - power off)
AOPR DOPR Increment in orbiter nozzle pressure ratio,
(power on - power off)
_Caf DDCAFR Incremental effect of power on axial force
,_ coefficient rudder effectivenessr
;CN
DDCNDR Incremental effect of power on normal force
coefficient rudder effectiveness
'Cmf
DDCMFR Incremental effect of power on pitchinq
_r moment coefficient rudder effectiveness;
includes forebody axial force
_C
Y DDCYDR Incremental effect of power on side-force







_C_ DDCBLR Incremental effect of power on rolling
moment coefficient rudder effectiveness
r
_Cn DDCYNR Incremental effect of power on yawing
36r moment coefficient rudder effectiveless
_CAf DCAFDR Forebody axial force coefficient rudder
effectiveness
3_r
_CN DCN/DR Normal force coefficient rudder effective-
ness
_r
_Cmf DCMFDR Pitching moment coefficient rudder effec-
tiveness; includes forebody axial force
_r effect
_Cy DCY/DR Side force coefficient rudder effectiveness
_r
_C_ DCBLDR Rolling moment coefficient rudder effec-
tiveness
_r
_Cn DCYNDR Yawinn moment coefficient rudder effective-
ness
3_r
_Cm/_ DCLM/DX Local pitching moment coefficient{x/de) DCNMDX distribution with respect to x/de
_CN DCN/DX Local normal force coefficient
/_(x/de) distribution ":th respect to x/de
_Cy DCY/DX Local side force coefficient
/_(x/de) distribution with respect to x/de
_Cn/ DCYN/DX Local yawing moment coefficient







CN/A Normal force coefficient derivative with
_ respect to alpha
_Cmf CLMF/A Pitching moment coefficient derivative with
_ respect to alpha; includ_ forebody axial
force effect
_Cy
CY/B Side force coefficient derivative with
_6 respect to beta
_C_
CBL/B Rolling moment coefficientderivativewith
_ respect to beta
_Cn
CYN/B Yawing moment coefficientderivativewith
_ respect to beta
X(a.c.)J_v XAC/L Longitudinallocation of the aerodynamic
center in pitch (XAC/L) and yaw (XYAC/L)
X(a.c.)B/_v XYAC/L based on an overall ascent vehicle lengthof 2175 inches F,S.
_CN
A DCN/A Incremental effect of power on normal force
_ coefficientalpha derivative
_Cmf
_ DCMF/A Incrementaleffect of power on pitching
_ moment coefficientalpha derivative;fore-
body axial force effect included
_Cy
A DCY/B Incrementaleffect of power on side force
_ coefficientbeta derivative
_C_
A DCBL/B Incremental effect of power on rolling







DCYN/B Incremental effect of power on rolling
_ moment coefficient beta derivative
A(Xa.c./_ ) DXAC/L Incremental effect of power on longitudinal
center of pressure
A(Ya.c./_) DYAC/L Incremental effect of power on lateral-
directional center of pressure
A(CN) DCN Incremental effect of power on normal force
coefficient
,_(CAf) DCAF Incremental effect of power on forebodyaxial force coefficient
A(CAb) DCAB Incremental effect of power on base forcecoefficient
A(Cmf) DCLMF Incremental effect of power on pitchingmoment coefficient
A(Cy) DCY Incremental effect of power on side force
coefficient
A(Cn) DCYN Incremental effect of power on yawing
moment coefficient
A(C_) DCBL Incremental effect of power on rolling
moment coefficient
d Distance from N_ gage to MRP (positive
forward of MRP)_inches
de, DEx Diameter of nozzle at exit plane
DIN Diameter of nozzle at entrance plane
DT Diameter of nozzle at throat







f Distancefrom MRP to Yl gage (positive
forward of MRP)
GPI Upper orbiter nozzle; degrees of pitch that
the engine is gimballed from null
GP2 Lower left orbiter nozzle; degrees of pitch
that the engine is gimballed from null
GP3 Lower right orbiter nozzle; degrees of pitch
that the engine is gimballed from null
GP4 Left SRM nozzle
GP5 Right SRM nozzle
GYI Upper orbiter nozzle; degrees of yaw that
the engine is gimballedfrom null
GY2 Lower left orbiter nozzle; degrees of yaw
that the engine is gimballed from null
GY3 Lower right orbiter nozzle; degrees of yaw
that the engine is gimballedfrom null
Gimbal pitch angle of nozzle from null
Gp( ) position (denotedby subscript),degrees
Gimbal yaw angle of nozzle from null
Gy( ) position (denotedby subscript),degrees
g Distancefrom MRP to Y_ gage (positive
forward of MRP), inche_
i Incidenceangle of orbiter reference plane
with respect to EOHT referenceplane,
degrees








Krpe Ratio of measured to theoretical exit
pressure Pe meas/Petrue
Kr Rudder hinge moment gage calibration factor,
in.-Ibs/cts
Kij Wing gage calibration factor, in.-Ib/ct
where i : gage number and j = order of K in
the second degree calibration curve fit
Rolling moment balance output, in.-Ibs
LREF LREF Ascent vehicle moment reference length,
inches
M_ MACH Tunnel freestream Mach number
mi,2,3, Wing strain gage output (uncorrected for
interactions) in.-Ibs; where 1 is the in-
board bend4ng gage, 2 is the outboard
bending gage, and 3 is the torsion gage
MI,2, 3 Wing strain gage output which has been
corrected for interactions, in.-Ibs; where
1 is the inboard bending gage, 2 is the
outboard bending gage, and 3 is the torsion
gage
I
ml,2,3 Wing strain gage output, raw data counts,
where l is the inboard bending gage, 2 is
the outboard bending gage, and 3 is the
torsion gage
I
me ( ) Elevon hinge moment gage output, raw data
counts where subscriptdenotes inboard or
outboard panel
MPSRA Orbiter MPS nozzle rotation angle, deg.
I







MRP(x,y,z) XMRP Moment reference point in X,Y,Z coordinates,YMRP iriches
ZMRP
Nl Forward normal force gage output, pounds
N2 Aft normal force gage output, pounds
NW Normal force on exposed wing panel, pounds
Pc/Pt OPR Ratio of orbiter chamber pressure (Pc) to
freestream total pressure
P( ) Model pressure, psfa
Pc( ) Nozzle plenum total pressure denoted by a
subscript
Pe( ) Nozzle exit static pressure (denotedby a
subscript), psia
P® Tunnel static pressure, psfa
Power POWER Nozzle power supply: Power = l.O - ON
Power = 0.0 - OFF
Pt Tunnel total pressure, psfa
Pc/P_ Ratio of plenum total pressure to freestream
pressure
Pe/Pt SRMPR Ratio of SRM nozzle exit pressure to free-
stream total pressure
Ratio of plenum total pressure to Pt,
Pc/Pt,RPC( ) denoted by a subscript
Pe/Pt Ratio of nozzle exlt static pressure to Pt'
' RPe( ) demoted by a subscrlpt
q Q(PSF) Tunnel freestreamdynamic pressure, psf
Rn/L RN/L Tunnel Reynolds number, per foot






r/r. Ratio of the local radius to the critical
throat radius for the MPSnozzles
Se Elevon area (total one side) ft 2
SN Reference area for nozzle, ft 2
S Rudder area, ft 2r
SREF SREF Ascent vehicle coefficient reference
area, ft 2
Sw Area of one exposed wing panel (includes
glove area), ft
T® Tunnel freestream static temperature, °R
Tt Tunnel total temperature, °R
Model pressure weighting factor,
WFi either 0 or I
X Distance forward of nozzle exit plane
x/c X/C Chord-wisewing location,fraction of
the chord
x/de X/DE Ratio of the distance forward of the nozzle
exit to the internal diameter of the nozzle
exit
X/r. Ratio of the distance forward of the nozzle
exit to the critical throat radius of the
MPS nozzles
XG Distance from orbiter MPS nozzle gimbal to
exit plane







X° Orbiter longitudinalstation, inches
XT EOHT longitudinalstation, inches
XW Distance between wing bending gage
mI and m2, inches
Yo Orbiter spanwise station, inches
YROOT Orbiter spanwise station of exposed wing
root chord, inches
YT EOHT spanwise station, inches
y Spanwise distance from the exposed wing root
chord to the m2 gage (positivewhen m2 gage
is outboard of reference station), model
scale inches
y/de Y/DE Lateral distance from the nozzle centerline
as a fraction of the nozzle exit internal
diameter
Vertical distance from centroidof ACFS base
ZbAcPS area to MRP (positiveabove MRP), inches
Vertical distance from centroid of EOHT base
ZbEOHT area to MRP (positiveabove MRP), inches
ZboMs Vertical distance from centroid of OMS basearea to MRP (positiveabove MRP), inches
Vertical distance from centroid of OMS
ZbOMSN nozzle base area to MRP (positiveabove MRP),
inches






ZbSRM Vertical distance from centroid of SRM base
area to MRP (positiveabove MRP), inches
Vertical distance from centroid of EOHT
ZCEOHT cavity area to MRP (positiveabove MRP),
inches
Vertical distance from centroid of orbiter
ZCORB cavity area to MRP (positiveabove MRP),
inches
Vertical distance from centroid of SRM
LCSRM cavity area to MRP (positiveabove MRP),
inches
Vertical distance from centroid of orbiter
ZNORB nozzle exit area to MRP (positiveabove MRP),
inches
ZNSRM Vertical distance from centroid of SRMnozzle exit area to MRP (positiveabove MRP),
inches
Zo Orbiter vertical station, inches
ZT EOHT vertical station, inches
Z/de- Z/DE Vertical distance from the nozzle centerline
as a fraction of the nozzle exit internal
diameter
ALPHA Ascent _ehicle angle of attack, degrees
BETA Ascent vehicleangle of sideslip, degrees
y Angle of some radial direction in the base
planes to the nozzle centerline,degrees
_a AILRON Aileron deflectiondefined as (!dL _R)/2,
degrees







6r RUDDER Rudder deflection,degrees
/"amll (am3 I( First order interactionfor wlng bending and... torsion gages. (I) denotes flrst orler term
_-_2/() ' _._-_-I ) in a 2nd degree curve fit, (2) denotes second
. order term in a 2nd degree curve fit
n ETA Spanwisewing station, fraction of the semi-
span
eFR THETAF Angle of resultantforce, CFR, measured
from top centerlineof the nozzle, positive
in a clockwise directionwhen looking
forward, degrees
eMR THETAM Angle of resultantmoment, C.MR,measured
from top centerlineof the nozzle, oositive
in a clockwise directionwhen looking
forward, Oegrees
oN Rotation angle of MPS nozzles in bal'_
sockets (clockwiserotation as looking
forward is positive), degrees
¢ PHI Radial angle on MPS nozzles with ¢ = O° on
top, ¢ - gO° on the right side, = 18DO on
bottom, and _ = 2700 on left side, degrees
PSI Nozzle angle of yaw, degrees
SUBSCRIPTS DEFINITION
a aileron
ACPS attitude control propulsion system
b base
e elevon



















l top MPS nozzle
2 left MPS nozzle
3 right MPS nozzle
4 left SRM nozzle






ihe model test was an 0.019 scale representationof the Rockwell/NASA
configurationof the integratedspace shuttle vehicle. The model had the
capabilityof cola jet simulationof the Jet plumes generated from the SRM
and MPS nozzles.
The 2A orbiter was rigidly attached to the EOHT at 0° incidencewith
respect to the EOHT centerline. The orbiter MPS nozzles were attached to
the non-metricair supply system which runs through the sting.
The 4 configurationEOHT was mounted on a 2.5 inch sting mounted in-
ternal balance.
The 4 configurationSRM's were rigidly attached to the EOHT with the
SRM centerllneon waterplane XT " 0.0" and butt plane YT " 243" full scale.
The nozzles could be deflected+_7o pitch and +_7° yaw.
The orbiter right-handwing panel had forty (40) static pressure taps
and the left-handwing is attached to the orbiter by a single f_exure
three-componentmoment balance. The elevon panels on the left-handwing
panel were attached by means of slngle-componentm.wnentbalances.
The vertical tail rudder h_d the capability of being deflected +I0°.
The rudder panel was attached to the vertical ta'Jlby nw_ans_f a single-
componentmoment balance.
Nozzle Gimbal Angles & Reference S)stems for Angle Measurement
The orbiter has three MPS nozzles whose individualgimbal points
each define the origin of three separate referencesystems. These ref-
erence systems are shown in figure 2.a. Positive Indicatlonsof qlmbal
pitch and glmbal yaw are shown.
Figure 2.b. is an enlarged vlew of one of these referencesystems.
All three planes shown are at right angles to one another. The dashed
ltnes are oroJecttons of the nozzle centerline onto the pttch end yaw
planes of the reference system. (_) ts the angle of pitch; either up
or aown. (_) ts the angle of yaw; either rtght or left. Each nozzle
is physically set to a gtmbal angle of pttch and for yaw by an appara-
tus which measure_ (¢); some radtal direction in the base plane, and
(y);the angle from that radtal to the nozzle centerlJne. The ¢ sector
is determined by (_) and (_):
23
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270° to 360° 0° to +90° 0° to +90°
180° to 270° 0° to -90 ° 0° to +90°
90° to 180° 0° to -90° 0° to -90°
0° to 90° 0° te +90° 0° to -90°
All test programs for this model use the symbol Gp as the angle
that the center!_ne of the nozzle is pitched (up or down) and Gy as the
angle that the centerline of the nozzle is yawed (right or left). Up
and left are both in the positive direction.
Since all angles are defined from the nozzle null position, the
relationships are as follows:
(I) Gp = _ - _null
(2) Gy = _ - _null
Where _null is the angle that the nozzle centerline is pitched from
the reference system axis to null position and _null is the angle that
the nozzle centerline is yawed from the reference system axis to null
position (figure 2.b.).
_null and _null are specified for each MFS nozzle in the dimensional
data for N9 and NIO. It should be noted here that a side view of the
of the orbi. _ shows that the nozzle base plane is rotated 13° from ver-
tical. Therefore, the three independent nozzle reference systems for
nozzle Ditch differ from the orbiter's Xo, Yo' Zo reference system by
a 13o rotation angle from vertical.
The following equations were used to convert nozzle gimbal angles
and ¢ to ¢ and y, the two angles that the fixture uses to duplicate
the given angles:
-TAN___(I) TAN¢ - TAN_
(2) TANy = T_ _
24
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Also, for the followingfixture settings, the angle e : 90 - Y.
Nozzle:
Aero Setting Fixture Settin9
¢ e
Null & Firing; Gy, Gp = 0 0° +3°
Gp = II 0° +14°
Gp = -ll 180° 80
Gy = 9 288° 9.5°
Gy = -9 71.7° 9.50
Gp = II, Gy -9 32.5° 16.5°
Bottom Left Nozzle
Aero Setting Fixture Setting
¢ e
Firing; Gy = -3.5 1800 3n
Gp = II 336.5° 8.7o
Gp = -ll 193.6° 14.4°
Gy = g 256.7 12.8°
Gy = -9 I18.3° 6.2°
Gp " ll,Gy" -9 34.42 9.7 °




Aero Settin 9 Fixture Setting
¢ e
Firing; Gy = 3.5 180° 3°
Gp = II 23.5 ° 8.7 °
Gp = -II 166.2 ° 14.4 °
Gy = 9 241.8 ° 6.2 °
Gy : -9 103.3 ° 12.8 °
Gp = II, Gp = -9 57.7 ° 14.7 °
Gy,Gp = 0 130.6 ° 4.6 °
Model Nomenclature



























Blo, C5, D7, F4, M3, N8,
N9, NIT, V5, R5, W87, El8,
X8, Slo, Tlo
02TISl Baseline (2A) with static taps on
three MPS nozzles:
BIo,C5, D7, F4, M3, N8,






The 8-Foot Transonic Wind Tunnel was placed in operation in December
of 1956 as the result of modernizing the 12-Foot Variable Density Wind
Tunnel to extend its operation through the transonic range. The tunnel
has a perforated throat and an auxiliary pumping system for plenum pump-
ing. The continuous circuit tunnel is capable of operating from I/6 to
2-I/2 atmospheres total pressure, thereby providing a wide range of test
Reynolds numbers as well as Mach numbers. The range of operating pres-
sures is necessarily limited by the total power available at the higher
Mach numbers. Pumping the tunnel to these conditions is done by four
centrifugal compressors for above one atmosphere testing and by seven
compressors for below one atmosphere. Evacuation of the tunnel to 800
psf total pressure can be accomplished by use of the auxiliary compressor
from atmospheric pressure. This procedure takes approximately 8 minutes.
Consequently, at least an initial expenditure of time is necessary to
bring the tunnel to the desired operating conditions. During model
changes, two gate valves isolate the test section from the tunnel proper,
making it necessary to bring only the test sphere to atmospheric condi-
tions. By careful planning of the test program, it is then possible to
reduce pumping time to a minimum.
The test section of the tunnel is a removable cart. In many in-
stances this feature permits the installation of a model prior to testing,
resulting in a saving of tunnel time. Three carts are in active use: a
sting cart for the testing of sting-mounted, full-span models, a reflec-
tion plane cart for use with semi-span reflection plane models, and the
fairing cart for full-span models mounted from a plate.
Low speed airflow calibrationshave been performed for free-stream
velocitiesfrom 5 to 90 feet per second. Velocities in this range are
steady and can be set accuratelyusing a fixed main drive blade angle
and varyinq the rpm. Low speed tests may be run within the operating
tunnel densitiesof I/6 of an atmosphere to 2.5 atmospheres.
More explicit details of the tunnel and its operationalcharacter-






The righthandorbiterwingpanelwas instrumentedwithforty (40)
staticpressuretaps. A totalof sixteen(16)baseand cavitytapswere
installedfor use in correctingchordforcemeasurements.
The orbiterMPS nozzleseachhad twelve(12)externalstatictapsat
variousradialand longitudinalocations.
JET PLUMESIMULATION
The CALSPANhighpressureair supplywas utilizedfor coldjet plume
simulationof thejet plumesemanatingfromthe orbiterMPS and SRM
nozzles. The orbiterMPS and SRM nozzleshad independentcontrolsfor
separatethrctLiingof eachsystemof nozzles. Plumeshapesfor various
Machnumberswere producedby settingspecificvaluesof Pc/Pt for the
orbiter,iozzlesand Pe/Ptfor the SRM nozzles. An errorin the calibra-
tionof the air supplysystemresultedin inaccuratesettingsof the SRM
nominalpressureratiosduringthe test. Listedbeloware theoretical
and actualvaluesof the pressureratios.
Pc/P= Pc/P. PelPt Pe/Pt Pc/Pt Pc/Pt
NOZZLE M® THEORETICALACTUAL THEORETICALACTUAL THEORETICALACTUAL
(NOMINAL) (NOMINAL) (NOMINAL)
Orbiter .9 47.87 47.87 .3370 .3370 28.31 28.31
Orbiter 1.2 93.77 93.77 .4310 .4310 36.20 36.20
SRM .g 155 167 1.878 2.02 91.97 98.9
SRM 1.2 266 308 2,105 2,33 102.703 119.0
FORCEINSTRUMENTATION
The EOHTwas mountedon the CALSPAN2.5 inchTaskMK Ill slx-compo-
nent internal balance. The model angle of attack was _ndtcated by an
NASA/AMESdangleometer and angle of stdesltp was indicated by the sector




TESTING AND PROCEDURE (Concluded)
HINGE MOMENT INSTRUMENTATION
The left hand wing panel was mounted on a single-flexure,three-
componentmoment balance. The two elevons of the left hand wing panel





Data were obtained at angles of attack from -8° to +6° at B = 0°,
and angles of sideslip from -6° to +6° at _ = 0° for run number 15
through ll6. The high pressure supply hoses were removed from the sting
for runs ll7 through 120 so that angle of attack could be obtained from
-8° to +8° at B = 0° and angle of sideslip from -8° to +8° at _ = 0°.
The MPS nozzle pressure loads were obtained during runs 19 through
78. Wing and top MPS pressure (eN = 0°) data were obtained during runs
81 through 120. For runs 81 through 120, wing taps I06, I07, I08, I09,
214, 215, 309, 310, 412 were not measured so that top MPS nozzle taps
l, 3, 4, 5, 6, 7, 9, lO, II and 12 could be measured. The high pressure
air supply hoses were removed from the test section during runs ll7





The balance data were _educed to coefficient form and corrected for
all appropriate tunnel corrections, sting/balance deflections, and tares.
The reference area, SREF, for all ascent vehicle coefficients is the
theoretical wing total planform area. The reference length, EREF, for the
pitching, rolling, and yawing moment coefficients is the fuselage body
length. Chord force and pitching moment balance coefficients were adjusted
for the effect of cavity pressures according t_ the following equations:
Ascent vehicle total chord force coefficient (CA):
CAT = CABAL+ CACoRB+ CACEoHT + CACsRM+ CANoRB+ CANsRM
where:
= -C* + *
CACoRB ACoRB CAboRB
CACEoHT:-CACEoHT CAbEoHT
CACsR, = -C_CsRM+ CRbsRM
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A',cent vehicle total pitching moment coefficient (Cmt):
* [ZCoR_ 1 IZCoRB]
Qnt " CmBAL - CACORB[£REF J + C;bORB [l--_--F J
CANoRB [£REF J - CACEoI{r £REF + CAbEOHT £REF
, [ZCsRM], [ZCs,M] /ZNsR,]







CAf = CAT - CAboRB CAbEoHT - CAbsRM
- CAboMs - CAboMsN - CAbAcPS
where:
2_4Cpi AboRB





















Ascent vehicle forebody pitching moment (CMf)-
C_ IZboRBI [ZbEoHTI




Wing, base, cavity, and upper MPSnozzle pressure coefficient (CPi):
c,,.(,,
Component hinge moment data:
The left hand wing panel was instrumented with a single-flexure three
component moment balance. This balance was temperature compensated and
gave accurate measurements at all tunnel temperatures.
The two elevons of the left hand wing panel and the rudder were each
instrumented with single component moment balances. These balances were
not temperaturecompensatedand experienced large zero _hifts during the
test. During any specific pitch or yaw run,the zero shifts were negligible.
However, during a series of pitch and yaw runs,the zero shifts happened at
a point that cannot be determined. The sensitivitydid not change. The
tabulateddata for these components (CHel, CHeo, CHr) are presented and
should be used for definingmagnitude of the moment load.
Elevon hinge moment (CHe):
_x K,x




CHmo" q St'ee (outboard)
Ci:[eT - CHel + CHeo
where:
Mt _ raw COS
K - caXibratAon factor(in.-Zb/ct|_
Rudder hinge moment (CHr):
m_,Kr
% " qsr
Wing bending and torsion:
Convert ray date CO_tl tO £n.-Xbe: (buic mXopem)
vhere:
m' o r_35_date coo
tLj • c_£tb:erLon fact_r(Ln.-lblct)end L • 8eto number
J • order of team of second _ojroe curve fLt
mI - u_ tlx + (u_) 2 _12 (tnbosrd lest)
s._ - _ t2I 6 t,a_) 2 Z22 (outboard m,m.)
"3 =__3s  ('i12• X32 (tormLou 888e)
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Taking interaction_ into account:
r,,,,, jr<-,,,%,,]" "'-LkN 'I' _-+\N,,_<.,1>'-LVo,4.o +\N/_%>
. F("'-_I<''_I _ ,"%1 (%'_
"' °:_-[iN/," +\N/: ':"i> - _,_,)Im_,-',,N/, <''_'>'
Determine loads and coefficients:
NW
CNw " q S,_'--"_"
(M2 + YwNW)









AbAcPS 28.42 ft2 0.01026 ft2
AbEOHT 572.56 ft2 0.2067 ft2
AboMs 16.973 ft2 0.00613 ft2
AbOMsN 25.( _ ft2 0.00925 ft2
AbORB 226.75 ft2 0.08186 ft2
AbsRM 183.01 ft2 0.0661 ft2
ACEOHT 366,5 ft2 0.132 ft2
ACORB 302.40 ft2
0.]092 ft2
ACSRM 181.378 ft2 0.0654 ft2
ANoRB 14].44 ft? 0.0511 ftE
ANSRM 219.02 ft2 0.0791 ft?
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Full Scale Model Scale
bw 353.341 6.903
c-e 90.7 in 1.723 in.
C
r 74.4 in. 1.414 in.
_w 513.474 in. 9.756 in
d -- -!1.283 in.
e -- 0.0 in.
f -- -3.533 in.
g -- -I0.533 in.
KeI (Pos) = 26.20 in. -lb-v (Neg) = 26.39 in. -lb-vmv mv
Keo (Pos) : 27.03 in. mv-lb-v (Neg) = 27.42 in. mv-lb-v
Krpe (ORB) : 1.060 (SRM) : TBD
Kr (Pos) = 20.80 in. -lb-v (Neg) = 20.885 in" -lb-v
mv mv
Kll (Pos) = 463 1672 inlbv (Neg) = 476.3954 _nlbv
" mv mv
KI2 (Pos): 0.0 (Neg): 0.0
K21 (Pos)= 436.8877 inlbv (Neg)= 437.4474 inlb----Zmv mv
K22 (Pos) : 0.0 (Neg) : 0.0
K31 (Pos) = 539 9926 inlbv (Neg) = 538.9718 inlbv
• mv my
K (Pos): 0.0 (Neg): 0.0
LREF 1328.0 in 25.232 in.
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Full Scale Model Scale
Se 210.0ft2 per wing panel 0.0758 ft2
Sr I06.38 ft2 0.0384 ft2
SW I006.5 ft2 0.363 ft2
SREF 2690.0 ft2 0.971 ft2
XW -- 0.5638 in.
XHL 1250.79 in. 23.765 in.
YW -- 0.1423 in.
YROOT I05.0 in. 1.995 in.
ZbAcPS 402.987 in. 7.656 in.
ZbEOHT 0.0 0.0
ZboMs 415.505 in. 7.895 in.
ZboMsN 437.94 in. 8.321 in.
ZbORB 310.0 in. 5.89 in.
ZbsRM 0.0 0.0
ZCEOHT 0.0 0.0




Full Scale Model Scale
ZNORB 335.0 in. 6.36 in
ZNSRM O.0 O. 0





























The orbiter MPS nozzle pressure data were integratedusing Chrysler
Corporation'sSADSAC program to obtain the load distributionsalong the
nozzle axis and the total nozzle loads. Integrationof the pressure
data (first integration)was performed according to the following
equations (see Figure 8):
360
dUCx_/de = " de / Cp d (R sin ¢)) SN 0
Cxm = . de / Cp _ - d (R sin ¢)
_x/%Te SN0
dCy = de $360 Cpd (R cos ¢)
_r(_-7-d;)_ o
360 Cp L_e/'x e"_-'/




Full Scale Model Scale
SN 49.4 ft 2 .01783 ft 2
de 90.73 in. 1.7238 in.
XG 158 in. 3. 002 in.
These integrations were performed on the curve fits of CD vs. PHI
displayed on plot pages 73-144. The resultant local loads coefficients
are plotted against x/d e on plot pages 289-384.
The integrations for total nozzle CN, Cm, Cy, and Cn (second inte-
gration) were performed according to the following equations:
CN : _I .0 dCN d(x/de )
o
Cm = fl. 0 dCm
0 d-_ d(x/de)
1.0 dCy d(x/de )Cy = f d(x/de )0
1.0 dCn
Cn : I0 dx--_e) d(x/d e)
the load distributions were extended to the limits of integration
by assuming zero values for the local load coefficients at both limits.
These added end points were then included in the curve fit used for the
second integration. The load distribution plots do not include the inte-
gration limits and therefore the plot fairings will not be the same as




ITEST : CALSPAN T14-053 ] _DATE: 22 June '73
TEST CONDITIONS
REYNOLDSNUMBER DYNAMICPRESSURE*3TAGNATIONTEMPERATUREMACHNUMBER (perun;tlength) (pounds/sq.inch) (degreesFahrenheit)
.9 2.75 x lO6 480 135
1.2 2.25 y lO6 440 140





YF 700 Ibs .5%
AF 280 Ibs .5%
NA 1400 Ibs .5%
YA 700 Ibs .5%






-TO/_ H C.'Z i Z.i_ i'_i - O. <i
DiStANCE FOBI_'AKD OF W_LE EXIT
!x/D- .o 8 - .z3z -. c: -.s,9o =.-,,5:s
i _ 0 I 30 #Z (_0 11 'tO I0 /20 ? /50 6
t oi Z8 zG 3G 55 44 .47 _4 5Z a5 _6 73 71
_ 9 27 ! 7 3_ _5 4_ 55 3 _4_, 4 Z
30 / 6_ /Z _0 #/ /zo i_ 15o _ "-o ZSI 3e 47 ._4. _2 _3 _ 73 7/ 2_ 2_
"11
.j ,.37 .38 4_- 4._, 5"_- 5"3l 64 IE 74 7Z _'? 77
(pO I _/D /Z Jz-o 1' 15C 10 0 ,3 30 2
, 14 ,_: 44 47 54 5Z (o3 IF. 73 7/ 28' z6 Z_, 3E
'_ __ 4_i 4_ 55 53 f_4 k_- 74 7_ Z9 27 37 3#
" _O l /ZO /Z /50 II 0 4£ 30 3 &C Z
_1 _ 54 EZ G3 (,&, 73 71 _B 2& 3& 95 4_ 47
,.,_° 5_ @4.'- aS" 74 72. z.9 2.7 37 3S 45 4&
_ /Zo I /50 IZ _ S 3e 4- (,0 '3 90 2
N &Z _6 73 71 Z8 Z&, 3&, 35" 44 4(, _4 5Z
{ _ 6#. &5 74 7Z Z? z7 37 ,38 _5 47 $5 E3
_EC / 0 4, 3 C 5 _,C 4- 96 3 _ZC 2.
-4 .. 74 7Z Z'_ _7 37 --_S 1,5" 46 55" _'_ 64 _,5
q _ Z8 Z(= 36, _ 44 47 _4 Si b7 _;# 73 71
k Z9 27 37 38 45 4& 5_ $3 _4 (_ 74 72_
3& 3S 44 47 5"4 5 _. &3 _,& 73 71 i 28 Z_
k N 37 3_ 4E 4_ 55 53 &4 (,g 74 72 29 27
e _o 7 eo _ ,zo 5 /_ 4 o 9 _o B
44 4-7 54 5Z b_ && 72 7/ Z8 Z& 3& 3K¢5 4& 55" 53 &4 b._ 7f, 7z 29 z7 37 _
s &3 _(, 79 7 Z(, 5(. 3_ _4 m7
_' .,,4",,_ 5B i,4 l_ ,,_" 74 72. Z'l 27 37 3_ 4_" 4(_
(,3 &(_ 73 7/ z.8 z& 3(.. 35" 44 47 E4 _Z
"5 _,, &._f T, 72 2? 27 37 36 ,E ,& 55" 5"3
40, #,o 7 o 'Z , 3o l/ (,,o 10 9_ ? i /ZO '
_3: 73 7/ Z5 ZG i 3& 35 _li_ 47 _4_ _Z I 63 _(,r_ 74 7?. 29 27 37 38 45 46 55 59 &4 (,5"
MPSI_A '_ I 7_p A/o. ,,i t4P5 NoZZ_-Ekc7 ANGLE
u r, No. ,f'o,- i _<;7,M.,._g-,--
KCltt/O:, I 7I__FAOl
_LI[ 1104 I_LIF AOZ
46
1976006095-050
REPR' )I)UCIBII,lfY 01,' 'lil 1;
ORI(;INAI, PAGI,; i8 POOR
TABLE II (Continued)




_OT iO/_ K/GH / /VOL"&LL N/ C. i
m
} D/5 14,"A,_ OF/I/OF.Z/E" E,KIT"
:.os8_x/_--,z3z,_/D=.4,_6x/_=.s,tox_.-.?s3 M_-.725
i i i
Iz 8 co 35 :zo ,50 3z(3, =-(,,3(_ 3E 44 ¢7 5-4 5Z 63 (a6 73 71
_ i Z9 27 37 38 45 4(= 5E_ 53 (,,4 (_" 74 7Z
I 3o zS _,c 3& <P_ 35 /zo 34 /.5"o 33 o 2G
_"1,,:17 38 4,'" 4£ 5"$ 5"3 _,f _,E 74 7Z Zf Z7
47 54 Eg (o3 16 73 "7/ 28 2(., 3& 35
45" 4(o 5"5" 53 _4 _5 74 7Z Z9 27 37 33
,_ ?0 25" / z o 36 /so 3 .,_ o z8 3o z-7 (,,(_ Z _,
_1 54 SZ G3 &(,, 71 7/ ;Z8 Z@ 3(= :35 4¢ 47"_ S.} (p4.- bE" 74 7Z ? 27 .37 J8 5" ,_G
q ,_] _ZO Z5 /50 3G _ 2.9 3o ZB &O Z7 ?o ZG
P_j (_3 (_(_ 73 71 28 z(_ 3& 35" 4#. 4[_ _4 5Z6,@ k5 74 72. 2.9 Z7 3 7 38 _ 5 47 .,q5 E3
t _c ZS" o 30 30 Z9 _,o Ze '/_ Z7 _zo z673 '7/ z8 z& 3& 35 ¢4 @7 s-¢ _"Z &3 _-6
%1 74 7Z Z_ 7.7 37 "_6 4_E 4_ 5_" 53 _4 _5
¢_ o 3t 33 30 _0 29 @D 2_ /z_ Z7 /_ Z(oZB ZG G _" 44 47 5"4 5Z k3 (,,6 73 7/
_" _ zY z7 37 5_ 4E 4(= SE 53 (,4. 6:; 74 7 z
i_ (3 30 31 &O 30 -ge 2? /zO 2_ lEO Z7 O 32
_ 3_ 3E 4# 4 7 E4 5Z &3 _,(, 73 7! ;.8 Z&._7, 3_ 45 4($ 55 J_ (a4 G_" 74 ?l 29 27
_, _ &o 3t 90 ,30 ,zo Z9 /5_ Z8 o 3_ 30 3Z44 4-7 54 _Z (_ &G 72 7/ 2.8 Z(, 3& 3._
_ cE 4& 5E 5_ _4 b_ 7_ 7Z 2_ Z7 37 3890 21 /zo 30 /50 Z? _ 34 30 3_3 6_ 3Z
r. _4_ _'Z G3 kb 7_ 7/ 28 Z& 3& 3F 4.4. _ 7
_, P,l 3"_" $'9 (_4 _5- 74 7Z _._ 27 37 28 4_" 4t.(¢
0 /ZO 3/ /_0 30 0 3S 30 34 6O 33 _ 3Z
p_ (_3 6'_ 73 7/ 2_ 2G 3& 3_ 44 47 _'4 EZ@i (_" 74 72 2? Z7 3 7 3_ 4E 4_, 55" 5"3!
0 /fro 3/ _ 3_ 30 3.5 GO 34 _ 9C 3.3 i tZO 32.
7_ 7/ Z8 Z(,, 3_ 3_ 44 47 _ C4 £2 ! (,_ 66
74 ..7Z 29 Z7 ,37 38 45 44_ i 55 ..5_= &4 &_
!









7"0P NOZZLE /Vl =- /. 2
_IST,_NCE FOIe..V,IA_Z> OF WO_.=ZLE C_'/T
 :.c58 I =,23z  -.7s3
' o I 30 _2 _o "/i Yo /C /z_ _ /._O
2_1 2Z 34 30 _ 40 50 4B 5_ _,Z 77 7_
25" 2:y 33 3/ 43 4/ 5/ 4Y So _,/ 76 76
I
.._0 / (DO 12 90 /I IZO I0 iS0 ? O Z
34 30 4 Z 40 EO 4_ _'_ (pZ 77 75" 24L 2Z
"1 33 3_ 43 4,' 3_ 49 _0 e/ 78 76 ,Z.-,c Z_
_- &O I '_ /Z /20 I/ /50 IO o .3 30 Z
qJ o 4& 4-_ 5-o 4B _ _,z "-t7 7£ 24 22 _4 30
V "= 4.3 4/ 3_ #? &O _/ 78 7(= 25 z'_ 33 3/
" 90 I /_.o IZ 15"0 II o 4 30 3 Go z
_ 5"0 4,8 5"_ _2 77 75 ,4 2?. 34 30 4Z 4o
s/ 49 _o &/ 7ty 7G 2s z3 33 3/ 43 4/
_ /zo / /s_ /Z o E 30 4 $o S _o 2.
N S? {_Z 77 75 Z4 2Z z_L _0 42 40 C_ 48ill"_ GO bl 7_ 7_ 25 23 3_ 31 _.$ 41 El 4_
",4
,_ _,lEO / o G 30 5" 60 4 9_ 3 /z_ Z
_ 77 7s z_ zz z4. 3o 4z _o _o 48 _-_ _,z7,_ 7_, 25" 3 33 3t 43 #_ s_ _9 60 1
0 7 _o G _0 ,..<" 90 4 /zo 3 /s-_ Z
24- 2Z 34. 30 42 40 5-0 #8 5? 6Z 77 75"
o so 7 s-lrzo 4 3 o 8
_, ", S#- %0 4Z 40 50 4_ 5_ &z 77 7S" z4 Zz
k; o 60 -" _O (,, ,z_ 5" ,,_'o 4 o ? 30 8
O! _ =Z 4_0 S_ 4_ 5"_ &Z 77 7S 24, 2z 34 3'0
4 _ _. 7 lZO (_ 150' 5 O /0 30 ? bO B5C 46 _ _Z 77 7E 24 2Z 34. 30 4Z 40
.4 ,5"/ 47 _0 6/ 7E 7_ 2f 23 33 3/I 43 41
/Zo 7 _5o _ 0 _ __o /0 (=C 9_ 9'0 _
,Sf &Z 77 75 24 22 34 30 47. #0_ sO 48
0 150 7 _ /Z' 30 II 1_0 /O' 90 Y, 12.0 B
_3 77 7_ 24 22 34 3c 4Z 40; ._o 68 _? GZ
_, 7R "/_ z9 _3 .33 3_ 4,3 41_, S_ 4" I_0 @1
I
MP_KA , T.r No.
£d//; 0 7 ', d u r",,,lcI
......... ' ,; ,. tVc--#,',r
1976006095-053
TABLE [I (Continued)
_/5T,4NE E FO_X/A_Z> Of wo£"ZL,g EXZ'T
._ x,¢--.c_8x/'b-,z3z x/#=.,_.! x/5=,s#ox,/_=_3 x/D=._z_
o /3 30 z4 &,o 23 <7,: 2z zzo 2._ z5o zo
O z¢ 2:34 5o 4z 4.o 5o 48 _-? _,z _7 7.s
_ 2K 2_ 33 3/ 45 41 5/ 4Y (e_ _1 78 76
30 13 (oO 24. 90 2.3 /zo 22 ,so 2/ o /4
'_ 34 30 4z 4& _-,9 4B 5"? (,z 7z 75- 2_ 2z
i_3 r9 3_: 31 43 41 _ I 49 _0 (_1 7_ 7& 25 21_
_._ t3 e_ 24. ,ee 15 ¢'50 2Z _ /5 3o /4
Q 4& 4.0 5"-o 48 _ I,,Z -,7 7_" 24 z 2 34 30
_ 4.3 4r ._ #9 _0 ,_/ 78 7(, 25 z3 33 3/
p9 13 izo 14 15"¢ 2_ o i_-:3o IS &o /4.5_ 4_ E? _,Z 77 75 24 2 Z 4 _o 4Z 4o
_ 49 &o _ 7_ 74, ,_s z] 35. 3_ 4_ 4_
_, e _zo _3 _5_ 24. o /7 30 I_ (,o 15 ?o 14.
N _? &'Z 77 25 Z_ 2Z Z4 30 42 -_0 ."-_ 4#
o 1_5 13 C 18 30 17 &O /_, 9_, /5" _z_ - /4
" 7_ 7_ 25 25 33 31 43 4t [ St "_9 &O b I
O 19 35 18 _,0 t7 ?0 I& /zo /_ /5"8 14.
_3
% 24- 2Z _4[ 30 4Z 4o 5-0 @_ 59 _Z 77 75
" 25 z_ 33 ..31 43 4/ _ 47 &o 61 78 7_
k ' 15 -- Zo
. _ 3o t? (,O 18 9o 17 Izo 16 /50 D
•, 34- 30 ¢Z 40 5_ 4o° 5_ &Z 7"I 75 z4 2z
N 3_ 3/ _3 4/ 5, 49 &o &l 78 7& Z5 Z3
1_ o (,0 1£ 90 18 ,z_ /7 /_;O I& o 2.1 20 20
0
_F 4Z 40 50 48 5f $2 77 75 z4 :Z 34. 30
_ _ _0 4_ Se _Z 77 75" Z4 22 34. 3a 4Z 40
"_ ,.T/ 47 /,0 (_t 79 7(, 25 23 33 31 4 _ 4.t
- /ZO 19 /5"0 18 0 2.3 30 22 60 Z'_ 9'0 ZO
,59 _.Z 77 "/'.,¢" 2.4 22 34 3..1 4?.. 4.0 s'_ 4._
'_ _o _,/ 7_ 7& z_' z3 33 3t 4-3 4._ 5_ 47
0 _5o _? o 24 30 23 _,0 22 9o Z/ ,20 ZO
77 7S- z_ z_ 34 30 4z 40 _o _8 ¢_ 6Z
7g 76 ZS" 23 33 3t 4_' 4_ r_ 4& bO ,_1
I







TABL_ I I (Cot,tinued)
FCrTTO/ J I¢O(EL_ //7-- /.
.P/ 5 ,E'_ OF. ,4.": _" E-. f_X /T
r
: o ZS" _o 3(_ 6o J_ _o 54 /_D ,,_ /_.,D j._2
_) 24 2Z 34- 30 4Z 4.0 .5,0 4g 5_ _,Z 77 75
25" 2_ 23 31 4_ d t 51 _,Y _0 [Dt 7,,_ 76,
3¢ 2E $0 3_ 9D 3E laO 34- ,50 5L_ D _(_
34 3O 4Z 4D 5"D 4_ E_ _,7_ 77 75 24, k_.
q4- _ /5 eC 3_, _zo 35- /50 ..34 o g7 3c Z_
t_ 9_ ., r /Z o 36 /._C 35 o z_, 33 z-'/ _o ZG,EO 4.5 E_ &Z 77 75 Z4 2?. 34 _o 4Z #o
5/ 49 (_ _1 7_ 7_ 2E 23 3_ 31 4J 41
N 57 [oZ 77 7E z,f 2Z Z_, _O 42 4o ED 4_
(_ _1 7_ 7_ 25 23 E_ 31 _-$ 41 _ t 4':/
o I_0 .:5 c 30 _o z? (,,0 Z8 _0 z7 ,zc z_,
_ "7"7 -_ z4 2z 3,;[ ._ 4z 4o E_ 48 s'9 _Z
0 "/ 3c &O Z? _ -- Z.8 ,'zo 27 /5"0 Z_o - I 30
24. 2.2 I 34. 3C 42 40 _:"0 _' _? &g 77 7_"" _ Z-_ 3 / 3 #.1 5/ #? 60 61 8
, Q 30 3/ (_ 30 @0 _,;, /ZO i /SO 2'7 0 .3Z
k -, 3¢ ,30 4Z 40 50 4_ _t &?-_ 77 -_5- __4 Zz
N 3_ 3_ ¢3 #_ _/ 49 _ _,/ 7_ "/(,, 2_5 Z3
_0 o _,0 51 90 3c, ,z'o" Z? ,'59 Z8 & 33 3'0 37.:
31 30
_1" 4Z 4I( _ 50 _ 5_ _'2 77 75 Z_ ZZ i
N 43 4_ ,_1 49 _o _1 7_ 7;_ ZC Z_ _13_ 3/
N &/ 49 /_ 6/ "/_ 7_ 2f 231 33 31': 43 41
-- / Zo ..:;/ ,,50 3C, _ 35 }o 3'4t (,_ 33' '9 _ ._,-'
,_ _z "_7 "75 Z_ 2z 3,= 3c_ _ _z SOt so 4_
i _ 60 _/ 7_i 7G z_" z3 33 =-_ _ +3 _._i E_ a,t
77 7_ 24. 22 34 30 4Z 4_) bo 4_ _'9 _Z
7R 7_ z.'E 23 33 3_ 4_' 4_, 5/ 4_ 9h (_
; "l
RUFC O Y C05 |




























N_ _ _ _
_o _ XX.< _ '
_O0 ZZZ
N _ ooo _ _, _o_III I _ _
S _









MODEL COMPONENT: BIO - Body
GENERAL DESCRIPTION: Fuselage, 2A ConI'i_uration, I_rhtwei_ht (_btter per
Rockwell Lines VL70-O000_9 "B".
Scale Nodel = 0.019
VL?O-O000_9 "if'
VLTO-OOOOgP, 9], Oa "A"
DRAWINGNUMBER: SS-A-00092
DIMENSIO)(S: FULL-SCALE MODEL SCALE
Length -"-'in. 1328._ 25.238
Max. Width_in. (@xo = ]5P_.3) 265.o 5.u35
Max. Depth _-in. (@x: : ly,_.5:_) 2_.0 &.712
Fineness Ratio 5.012 5.012
Area _- Ft.2








GENERALDESCRIPTION: Orbiter C,%nopy for liF,ht Weir,ht Orbiter ConfiRuration
i




STA. gdD. b_llkhead, in 391.O _7.429
STA. T.E., in ,5(.O.O l().gAb




MODEL COMPONENT: , D7 - Manipulator Housing[
GENERAL DESCRIPTION: 2A Configuration Per Rockwell Lines VL70-(_93
IN l m L
Scale Model = 0.019
DRAWINGNUMBER- VL?O_)O0093;SS-A-O0092
DIMENSIONS: FULL-SCALE MODEL SCALE
I
Length _in. 891.0 16.739
Max. Width _in, 51.0 0.969
_,mmw_nmuD
Max. Depth _-in, 23.0 0.&37
FinenessRatio - -
Area






WP = 500.0 INFS
Xo&26.0 to Xo1307.0 IWFS
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REPRODUCrBII.ITY OF T_[': TABLE III. (Continued)
ORIGINAL PA(;i: I5 P(),,
MODEL COMPONENT: WING-W87 LightweightCCblter ....
GENERALDESCRIPTION:OrbiterConfigurationper Rock"wellI,_O_sVLTO_O(O)Q_
N(TrE: (DihecLrA] angle is.defined _t the low_r
_:- .... v ..,_. _q_ at the 75.3%_
ele_aent line
........ pro_ected into,a plane _rpendicular to the gRL.







Span (Theo In, 9)6.682 ._17.797
AspectRatio 2.2_5 2.26}
Rateof Taper 1,177 1.177
Taper Ratio b.2so 0.200
DihedralAagle+degrees _ _.5cO
• j.uuu ).000 =IncidenceAngle,degrees




0.25 ElementLine _ 35,2o9
Chords:,_IN
Root(Theo)B.P.O.O. 6a9.2_ 13.096
Tip, (Theo)B.P. _ _.6!9 ....
MAC
Fus.Sta. of .25MAC _ 21.601
w.P.of MAC 5+ 5
B.L.of .2.5 MAC _ .]._.6c_ .
EXPOSEDDATA 17S2.29 0 633
_o) Ftz
Span,(Theo) In. BPIO£ _ - i3 £'_\
AspectRatio _




MAC _" _:03 7.:,68FUS.Sta. of .25 MAC .Lm,_¢l__
W.P. of .25 MAC _00,_
B.L. of .25 MAC z¢1.7..__._6 4.7_g3 .
Airfoil Section (Rockwell ModNASA)
XXXX-64
t/c @Root b - 0._25 0.I0 0.I0
'¢/c _Tlp b - !.oo o.12 0.12
_ta for (1)of (2) Sides
LeadingEdgeCuff _ _
Planform Area FI;" _ O_cv.'_.
Leading Edge Intersects Fus M. L. # Sta ':_,0




MODELCOMPONENT: g18 - Rlevon
GENERAL DESCRIPTION: 2A Confi_uratlonPen-W-87 Rockwell Lines V_70-000093
Data for (i) of (2) Sides
Scale Model = 0.019
DRAWING NUMBER: VL70-C_93; SS-A-00092
, DIMENSIONS: FULL-SCALE MODEL SCALE
)
; Area _.._c2 __.__._____ 0.0742
Span (equivalent)_--in. _53.3_ 6.713
Inb'd equivalent chord(B.P.ll5.0tn),_J_ ]-I_.78 2.181
Outb'd equivalent chord (B.P.L6B.3in),in 55.00 1.0£,5
Ratio movabl_.surface chord/
total surface chord
At Inb'd equiv, chord 0.208 0.208
At Outb'd equiv, chord 0._00 0._0o
Sweep Back Angles, degrees
Leading Edge 0.00 O.CO
Telling Edge -10._ -i0.24
Hingellne(x -1387" v, s. ) 0.00 0.o0
O ii i •
Area Moment (Normal to hinge llne) Ft.3 im5_.8.O7 0.0.1062
Product of Area Moment
NOTE: The elevon panel consists of an InP..Dand O_tBD segment. The
split line dividing the segments is at B.P. 281 inches full




MODEL COMPONENT: VE !'"iS'_.- V 5 (Lf_ht W'_.Cwblter _Cor,fb?:r_tL__n)
G_EP_L DESCRIPTION: F;en.ter!ine_V_ertir,a] Tail. I)cubl_'_i_,___irfoi] _th _






A)_a (Theo) Ft2 _lj. 25 0 1,Lc..'2
PIanform - -
Span (Tbec) In 3i_.7-" _.9,Q9
Aspect Rati3 _ I.(,7;
Rate of Taper _ O.S_____.
Taper Patio O.nOt, O.CO_]
Sweep Back Angles, degrees
Leading Edge __,.(;o0 4_.0c_
TraiIing Edge 2_.2z,9 P,_,.-P4_
0,25 Element Line /Jl'.13(; 1,1.'_._
Olords: ir nes
Root (Tneo) WP 2A_.SU _._,u? ....
Tip (Theo) WP 108./,7 "'.o;.I
MAC 199. _T . ]. 7_'",
Fus _" .25 "L_._).-_ 27. ._._• a, Of NAC __
w. P. of .z5MAC _3"_.'_._
B. L. of .25 MAC . O.O __ _).c,
Airfo_l Section
Leading 'wedgeAngle _ Deg 1o.oo
Trailing Wedge Angle -_ Oeg '.__ i_.=_.._
Leadin.,Edge Radius, IN 2..co ---J_
Void Area .-::'. "".__-_.17 __




MODEL COMPONENT: R} - Rudder
GENERAL DESCRIPTION" 2A Confi_urationper Rockwell Lines VL 70-000095.
Scale Model = 0.017
DRAWING NUMBER: VL70-000095 $S-A0009!, "92
DIMENSIONS: FULL-SCALE MODEL SCALE
Area-.-Ft2 ,i06_ O.O_e_
Span (equivalent)--IN 201.o 3.819,,
Inb'd equivalent chord, IN ?1.5_5 1.740, ,
Outb'd equivalent chord, IN _ 0.966
Ratio _mvable surface chord/
total surface chord
At Inb'd equiv, chord 0.400 0.400
At Outb'd equiv, chord 0,400 0.400
Sweep Back Angles, degrees
Leading Edge _.8_._ .34-83
Talllng Edge 26.2_ 26.2_
Hlngeline 3_._ _._3
Area Moment (Normal to hinge llne)-_3 _26.1_ _0.00_61




.M_DELCOMPONENT: M i - OM.SPOD
GENERAL DESCRIPTION: 2A T.iRht_;ei_ht_C>C.b£terConfigurationper Ro::k-w_llLLne_
v,?o-oooo%"a',
Scale Model = 0.019
DRAWING NUM3ER: VLTO-O000% "A'_ SS-A-O00_2
DIMENSIONS: FULL-SCALE MODEL SCALE
Length ,-- in. _ 346.0 ...._. 574 .
Max. Width---in.._Zo IL50.o 1o8.0 2,052
Max. Depth----in. ',_Xo 1500.0 ].13.R _ 2.162
Fineness Ratio - -
Area
Max,.Cross-Sectional - -




7o = 463.9 INFS: #P4O_ + 63.9 = L63.9 INFS
Yo = 80.0 INFS




( i,,'II',LL COi,,q>ONliNT: Nk_,- )I'._, Nozzle
'_ fai"I:),AL [,!_,i ;tlPTION: _:::_i<' ()b'.S ,4ozzl. of the ;TA Cor,,+'i_i .... .
n__}LVi :'_;-,41:.'70_, ;rod ,JLTO-O000_/ "B"
;Lle !-'.p;: ,-:_._0. cD.ulCs __
':'.' b,IN(] NO. _ VLTO_OOi'}J!)6, 7LTO-EXJOO*_,9"B", $5-i00092
; ":' UENSIONS FULL-SCAI]:- qODEL SCAIA£
'.I,\01 ,'lfl ....
DIN,_TtiR bkX _ IN ,50.O<, _ _,'_.</_St, ...
DIAX_.Tt:RDT~ iN ,_/6 _ _ :;tA
DIAMI.rLR DIN "-, IN _?q_.OO . _"2_';2
8}_-. bEGREES l_a/A :;/e\
AREA_ i.'t,"
M,.LX;:Re)SS- SECFI0 NAL I 3- ¢;<\ _ .u 0,;,.,__ ,
(;P,BAL ORIGIN _ X9 Yo __'.Q__
el,, NOg.ZLE _ iN I ) i ,4 _,,?,. (; ;,c.
i_1rh:, NOZT,,LE_ ]777 1 51_1 +,",*_.L' 1,%
NUll, POSITION PITCti YAh_
:...,t",. NOZ..Z,L£_ ,ov_. 1.5,> 7, _l;,<, ,.,,
i_{i'nt NOZZL£ ,"_--,)e#',. 1:,_'"',_¢)' '12°i /'
lllt, O_L;e'' ic,rl 01" I_c)77"](;
_,,<{t 7'1 ,,':,' ,l,q{ 7;,>;';'.1_
;Q = 1:,_ ', '
. • <,_ _ ,._(,i(,., .. _ , .,'
l%EpRODVCTBI1-'ITYpAGt,;OF TIt_





_DBL COHPONENT: N9 '_rbit.er Nozzles
GENERAL DESCRIPTION: ()rb/t. er Nozzles used For Col,i ,.TOt Plume 3imulaticn at.
'_i = "'_# ._:5_ 1.55,2.O,]5.O and ],5. ALl Three .Mo.iel !;orzle_ are Mounlud to
}<{II So:kerN which a]]ow GLmbal An_les of ._ll° ?_itch <_a +_9_' Yaw
Yrcm ,_'ULL, Model Scale = O,O19
DRA_ING NO. SS-A-O00?2 i SS-A-OOO95
DIMENS IONS FULL-SCALE MODF.L SC_aJ{
DIt_,',ff,TER DEX "-. IN ')_u.73 _ Z.7.'#*_
I) I&_{ETER DT _ IN ._'..12{_ O.5<,_
DIAMETER D IN _ IN am.3_36 O. 7091,
ON_ DEGREE S _ _
AREA ,...__%2
M,_ CROSS-SECtIONAL (-._it) _{]._gq O.Wig.,'
GIMBAL ORIGIN )(9 _ _ yr_ 7._ ....
UPPER NOT..ZLE _ ]_ (F,S., Y..S.) lZ.z.5,G_L,55 O.O, O.(. ad_3.O, £., '
BOTTOM NOZZLE- 1:; (?.5., '" S.) 1,,(,7,9, _e_".!{90 5).O, l,oOv. 3aP.o, ". '
Ntl_ POSITION PITCH YAW
UPPER NOZZLIi !6 ° (3'





v_i,,I CO,MPONENT: ,,l{) (;r'b:,i,er _, zzZes
:i ': ",\I, DESCRIPTION: Orbiter ,':o:,zles u:;e:i for Cold Jet Plum.. ',',im:'l'd.:O:'_ ::t
![."%.C/:Z.;L_;. 1.:'5_ 2.O, 3.0. _:i 3.5.
"i]!_:" !:it'..-" n::'z]es aimbal + 1.]°, _itc}. _ o° Yaw i:_ P,a.]] So.'k,%:;. The u::Ter, n,_v:;:.
_,:_ '.':.x,._d at _ !! ° Pit<',_ -9 ° Yaw and ha,_ twelv,, (12) external :;ta,]" l,aps on
:.c7'.1e s_:r:L_.ee. ,_Iodel Scale = ().019
iH_,.'_;'.'I_GNO. SS-A-OOOg?i SS-A-OOO?>
1 I., o IONS FULL-SCALE HODKL SCAIA!
_IAGi NO. .<} f,hru _.5
DIAMETER DEX _ IN 90.7] !.7:)._
DIAHETER DT -., IN 2q.L;'d O / _,',,_.__
DI/L_IETER DIN -_ IN _ "
ON_ DEGRFF.S
A2gA A_ .,,;.
H.&XCROSS-SECtIONAL (_<it. Fer _;ozzlc) ,,L,.?,9¢: (,.UZ£i!
(;I_AL ORIGIN X_ Yo Zo.
UPPER NO7-7-LE-, IN (F.S., Y,.S.) ]/,i.'_.O_ 27.,.5_) O.,,,., O.',) ,',.i.3.'.J, q.,."7
BOTFOH NOZZLE "_IN (F.5., M.S.) 11,(C,'.9, 27.°_, ,i) S,_.(); 1.()()O'7 _,,._.(_, L.51:)
NULL POSITION PITCH YAW
UPPER NOZZLE 16o 0 o




MODEL LOMPONENT: _ _,ty.. f:,i_
GENERALDESCRIPTION: Aft Body Flap Used on Light Weight Orbiter Confi_uratio,_
Model Scale = 0.019
DRAWINGNUMBER: VL-70-OOCX)9),"A",SS-A-00092
DIMENSIONS: FULL-SCALE MODEL SCALE
Length, in _4.70 1.609
Max. Width, in . 245.90 . . 5.o_5
Max. Depth - -
Fineness Ratio - -
Area Ft 2







C(_[VoNrI_T: X8 Transition Stripm
DESCRIPTION: ?ransition grit strips used in AMES 9x7 wind tunnel.
Microbeads were used to make grit strip. Microbead
diameter equals 0.0067 inches.
Model Scale = 0.O19
LOCATIONS: (Dimensions Model Scale)
SP_M: 2 inches aft of nose (0.125" wide strip)
EO_r: 6 inches aft of nose (0.125_'wide strip)
WING: 0.5 inches perpendicular to wing leading edge
(0.125" wide strip)
VERTICAL TAIL: 0.25 inches perpendicular to tall leading
edge (0.125" wide strip)





Model Component: Solid Rocket Motor (SI0)
General Description: Booster solid rocket motor, body of revolution
Data for 1 of Z sides
Model Scale = 0. 019
Drawing Nun_ber: VL77-000039
Dimensions : Full-Scale Model Scale
Length (includes nozzle), in. 1741.0 33. 080
Max width (diameter), in. 142.0 Z. 698
Max depth (aft shroud 192.0 3. 648
diameter), in.
Fineness ratio 9. 0677 9. 0677
Area - ft2




WP of BSB.M centerline, 400.0 7. 600
(XT) , in.






ConCC_ration to which the Orbiter and the _._oSolid Rocket Motors attach
.Bod_ of revolution
Model Scale = 0.019
o
DRAWlNG NUMBER: VI_?O-O00088 VT_-?8-O0004.1
DIMENSIONS: FULL-SCALE MODEL SCALE
Length,IN (Nose@ Xt : 309.0) 1865:0, .3_.L35 ,,
Max.Width (DCa.),IN 32_.0 _6.,,i_6
Max. Depth - ,,. -
FinenessRatio 5.75617 5.75617
Area _t2
Max. Cross-Sectional _72._6 0.2067
Planform - -
Wetted - -
Ba_e ,, - , - ,




,', Vo. 7 /#
Z I_,w ,,'1. ,n
Di.
';\ri 1F-"i) s '_"
23 "_" : /b 5S ._I , " :"/
z_.-T--- t ----!- _q,
' Z_t/I I
• I 1,7 :.,_.,.v,, ,:.'_
'- i "'I_ _ ....:- ...I/
,_o ll? __# "_'
¢ X/DE TAP iv'O:>" _,/_,j,,.._
0 -'flS_ /x 1"-', .."*S I',Z_I'/
..$p 't!D ?, /4,, _ (.U :'7,
,. , -'92
_ .IS5 3, 15,..I ".
9O . _(j 4-, #&., ;"F i., ;4 /
.,, <., .4,0_ 5, //, ? ? /. 4 / 7_
,'5C -'L_2 (_, /_ ,_,,." /.?'.:;./4
..,_0 (_:_ -I, 19. _1 i. ]_ /1
• . r I
..'lC 7?6 E, ZC, 7z &;._"".
. j _- ,.2-_ " • -
"/C . bEtO I0, ,' '; .:4 1'.C14 I
.:;<','_ .40_, II, Z :;> 3..', /. i4 19
, . ' /z, zq,3_ /,/.-_. 4-
75





















































H = 0.9, 1.2; E = 7.0
NONDIMENSIONALCOORDINATES
initial angle = 23° r* = 0.509 in.
exit lip angle : II °
POINT AXIAL RADIAL NOZZLE
NO. X/r* r/r* GEOMETRY
1 0.00000 1.00000 Throat Plane
2 0.04689 1.00184
3 0.11719 1.01155 Circular arc
4 0.16409 1.02286 section
5 0.21098 1.03832
6 0.23443 1.04766 Conical
7 0.54862 1.18106 section
8 0.80001 1.28777
9 0.86284 1.31443 Contoured




14 2 67702 1.97678
15 3 08772 2.09868
16 3 52343 2.21816
17 3 98088 2.33472
18 4 45984 2.44695
19 4 79089 2.51908
20 5 13099 2.58921




Figure 2.a. - Cimbal Planes and ,_i_nConventiona,
79
1976006095-083
This plane is parallel to the
nozzlc base plate. All g!mbal Nozzle Pitch








Figure 2.h.- Nozzle Gimbal Angle.
8O
1976006095-084
Angle of Sideslip, 8
Angle of Attack, _, and Angle of Incidence, i





Rudder Deflection Angle, 6r
and hinge moment, CHr
+6e
Elevon Deflection Angle, 6e
and hinge moment, _e










Figure 3.a. - Wing Pressure Tap Locations
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DESIGN INFORMATION FOR ORB-I-ABC NOZZLE CONTOURS
(Mach Nos. 0.9, 1.25, 1.55, 2.0 3.0, and 3.5)
Figure 4.g'.98-Concluded.
1976006095-102
_m._,"........... _ ,. - ....... • .... -- an, , n, - ...........
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1976006095-104
VFigure 7.a. Front View of Integrated Vehicle.
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